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© Semiconductor device having multilayer wiring and the method of making It 



© A semiconductor device having multilayer wiring 
for providing power and control signals to elements 
of the device comprising, a first wiring element (14, 
15) for supplying power to a plurality of elements of 
the semiconductor device, a second wiring element 
(11, 12. 13) made of a first material for carrying 
direct current or pulsed direct current to at least one 
element of said semiconductor device, and a third 
(^wiring element (16) made of a second material for 
^carrying bidirectional- signals to at least one element 
of said semiconductor device, wherein the resistance 
jjjto electromigration of the first material is higher than 
f-the resistance to electromigration of the second ma- 
terial. 
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SEMICONDUCTOR DEVICE HAVING MULTILAYER WIRING AND THE METHOD OF MAKING IT 



This invention generally relates to semiconduc- 
tor devices and more specifically to improvements 
in wiring for LSIs. 

In general, the wiring used in LSIs can be 
devided into the main power source wiring for 
supplying power to. the elements, power source 
branch wiring that connects the power source main 
wiring with the individual elements, and signal wir- 
ing that transmits signals between the elements. 
This wiring is normally made of a material whose 
main constituent is aluminium (Al). but some very 
short signal wires may be of monocrystalline sili- 
con, a refractory metal or a refractory metal silictde 
etc. 

In memories, part of the diffusion layer may be 
utilized for wiring; multiple layers of polycrystalllne 
silicon (partly, a refractory metal silicide) are some- 
times employed as wiring. Alternatively, wiring us- 
ing new materials such as copper (Cu) may be 
employed. 

Furthermore, gate arrays or CPUs etc, or the 
logic LSIs of recent years are formed using metal- 
lic wiring layers consisting of at least two layers, in 
order to increase the degree of circuit integration. 
Rg. 1 shows diagrammatical ly, using the case of a 
CMOS inverter circuit, the difference between sig- 
nal wiring, power source main wiring, and power 
source branch wiring. In Rg. 1, reference numerals 
104a and 104b indicate power source main wiring, 
reference numeral 105 indicates power source 
branch wiring and reference numerals 106a and 
106b indicate signal wiring. Power source main 
wiring 104a and 104b and power source branch 
wiring 105 normally have d.c. current flowing in 
them on application of a d.c. voltage, or have a d.c. 
pulse current flowing in them which is turned on or 
off with FET elements 101, 102, In genera), these 
currents flow in one direction. In contrast, signal 
wires 106a and 106b, particularly in a CMOS LSI. 
have bidirectional pulse current flowing in them 
produced by charging and discharging of capaci- 
tive load. The metal used in multi-layer wirings is 
exclusively aluminium or an alloy thereof. Even in a 
layout in which multi-layer wiring is used, different 
wiring materials were not been used for particular 
power source main wiring 104a and 104b and 
signal wiring 106 and 106b. 

When current flows in Al wiring of a conven- 
tional semiconductor device, so-called electromig- 
ration occurs, wherein Al atoms migrate under the 
influence of the electric current flowing. This may 
even result in disconnection of the circuit Since 
this electromigration increases with current density, 
the problem becomes much more marked when 
the wiring is made finer. To prevent this, it is usual 



to make power source main wiring, in which large 
current flows, of greater wiring width. However in 
devices in which the size of the wiring is the 
limiting factor to reducing area, as in the case of 

s logic LSIs, there has been the problem that the 
size of such devices could not be reduced. This 
problem has appeared with advances in miniatur- 
ization in signal wiring and power source branch 
wiring, since, from the point of view of obtaining a 

ro high degree of circuit integration, they should be 
thin, but from the point of view of current dendity, 
they need to be wide. 

Also, there has been a problem regarding the 
capacitance Cs per unit of wiring length. As shown 

75 in Rg. 2a, when the wiring is of some minimum 
width, the capacitance is determined by the wiring 
width W and the film thickness between wiring 113 
and substrate 111. However, when miniaturization 
of the elements requires reduced wiring width W, 

20 as shown in Rg. 2b, the capacitance Cs 2 between 
the side faces of wiring 113 and the substrate 111 
becomes important In order to reduce the capaci- 
tance and thereby increase the speed of LSIs, it is 
desirable to increase the thickness of the film be- 

26 tween the wiring and substrate, but in general this 
is difficult since such a method runs counter to 
element miniaturization. For this reason, the aim is 
normally to lower capacitance by making the width 
of the wiring and the film thickness small. Thus, in 

30 order to obtain high degrees of circuit integration, 
the wiring of the signal wiring is made of the 
minimum workable dimensions. However, this has 
led to the problem that when Al was used as the 
material of the wiring, such minimum workable 

35 dimensions could not be used for the wiring dimen- 
sions, because of electromigration. Consideration 
was therefore given to increasing resistance to 
electromigration by using materials other than Al 
for the wirihg. However, materials of high resis- 

40 tance to electromigration, such as refractory metals 
such as tungsten or refractory metal silicides, in 
general have an electrical resistance several orders 
of magnitude higher than that of Al. It was therefore 
difficult to employ these materials for signal wires, 

45 where the propagation delay of the signal is critical. 
Therefore they could only be used for wiring of 
very short length. 

Accordingly, an object of this invention is to 
provide a semiconductor device having multilayer 

50 wiring and the method of making it whereby a high 
degree of integration and high speed can be 
achieved, as well as high reliability. 

This object is achieved according to the 
present invention by providing a new and improved 
semiconductor device having multilayer wiring in- 



2 



3 



EP 0 388 179 A2 



4 



chiding a first wiring element for supplying power 
to a plurality of elements of the semiconductor 
device, a second wiring element made of a first 
material for carrying direct current or pulsed direct 
current to at least one element 'of said semiconduc- 
tor device, and a third wiring element made of a 
second material for carrying bidirectional signals to 
at least one element of the semiconductor device, 
wherein the resistance to etectromigration of the 
first material is higher than the resistance to etec- 
tromigration of the second material. 

Alternatively, the above object is achieved ac- 
cording to the present invention by providing a net 
and improved semiconductor device having mul- 
tilayer wiring including main power source wiring 
for supplying power to a plurality of elements of 
the semiconductor device, and signal wiring for 
transmitting bidirectional signals to at least one 
element wherein at least one wiring layer of the 
multilayer wiring is comprised only of the signal 
wiring. 

Alternatively, the above object is achieved ac- 
cording to the present invention by providing a new 
and improved semiconductor device having mul- 
tilayer wiring including main power source wiring 
for supplying power to a plurality of elements of 
the semiconductor device, and signal wiring for 
transmitting signals between the elements, wherein 
at least one wiring layer of the multilayer wiring is 
comprised only of the main power source wiring, 
and another wiring layer comprising the signal wir- 
ing is located under the at least one wiring layer. 

Alternatively, the above object is achieved ac- 
cording to the present invention by providing a new 
and improved method of making a semiconductor 
device including the steps of, forming a first wiring 
element for supplying power to a plurality of the 
elements of the semiconductor device, forming a 
second wiring element for carrying direct current or 
pulsed direct current to at least one element of the 
semiconductor device, and forming a third wiring 
element of a different material than the material 
constituting the second wiring element wherein the 
resistance to etectromigration of the material of the 
second wiring element is higher than the resistance 
to electromigration of the material of the third wir- 
ing element 

Alternatively, the above object is achieved ac- 
cording to the present invention by providing a new 
and improved method of making a semiconductor 
device including the steps of, forming a thin wiring 
layer for bidirectional signal wiring only, forming an 
insulating on the first wiring layer, and forming 
another wiring layer thicker than and above the first 
wiring layer for carrying direct current power sig- 
nals. 

A more complete appreciation of the invention 
and many of the attendant advantages there of will 



be readily obtained as the same becomes better 
understood from the following detailed description 
given given by way of example only and with 
reference to the accompanying drawings, wherein: 
5 Figure 1 is a circuit diagram of a CMOS 

inverter, Figure 2a and 2b are views given in ex- 
planation of wiring capacitance; 

Figure 3a through 3f show fabrication of wir- 
ing layers in accordance with a first embodiment of 
to a semiconductor device according to this invention; 

Figure 4a and 4b are cross-sectional view of 
a semiconductor device of the first embodiment 
shown in Figure 3f ; 

Figure 5 is an equivalent circuit diagram of 
75 the semiconductor device according to this inven- 
tion; 

Rgure 6a through 6h show fabrication of 
wiring layers in accordance with a second embodi- 
ment of a semiconductor device according to this 

20 invention; 

Rgure 7a and 7b are cross-sectional view of 
a semiconductor device of the second embodiment 
shown in Rgure 6h; 

Rgure 8 is an equivalent circuit diagram of 

25 the semiconductor device of the second embodi- 
ment shown in Rgure 6; 

Rgure 9 is a graph showing the test results 
of a comparison of resistance to electromigration in 
which ac. and d.c. currents respectively were al- 

30 lowed to flow in the wiring; 

Rgure 10 is a cross-sectional view showing 
an embodiment of a semiconductor device accord- 
ing to this invention; 

Rgure 11 is a cross-sectional view showing 

35 another embodiment of the semiconductor device 
according to this invention; and 

Rgure 12 is a cross-sectional view showing 
another embodiment of a semiconductor device 
according to this invention. 

AO A first embodiment of a semiconductor device 
according to this invention is described with refer- 
ence to the formation of a CMOS inverter shown in 
Rg. 3 and Rg. 4. 

Respective element regions 4 and 5 are 

45 formed in N well region 2 and P well region 3 each 
formed on a monocrystalline silicon substrate 1 
(see Rg. 3a). A thick silicon oxide film is formed 
separating element regions 4 and 5 by the 
normally-used selective oxidation method employ- 
so ing a silicon nitride film. Next, gate oxide film of 15 
nm for example is formed on element regions 4 
and 5 and doping with impurity is effected in order 
to obtain the requred threshold voltage values. A 
polycrystalline silicon layer is then deposited over 

55 the entire surface and the polycrystalline silicon 
layer is made conductive by introducing phospho- 
rus. After this, gate electrodes 6 are formed by 
patterning the polycrystalline silicon layer as shown 
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In Fig. 3b. Then, boron is introduced into the por- 
tions of the element region on N well 2 where gate 
electrode 6 is not formed, and arsenic is introduced 
into the portions in the element region on P well 3 
where gate electrode 6 is not formed, to form a P 
channel transistor with source 7 and drain 8 and N 
channel transistor source 9 and drain 10 (see Rg. 
3b). 

Then a first silicon oxide film 17 (see Figs. 4a 
and 4b) is deposited to a thickness of 1 micron 
over the entire surface, and is formed with respec- 
tive connection holes 7a. 9a and 8a, 10a to sources 
7.9 and drains 8,10 (see Rg. 3c). Next a material 
of high resistance to electromigration, for example 
tungsten, is deposited in a thickness of 1 micron 
over the entire surface, and power source b ranch 
wires 11. 12 and signaJ_wjres-^3-are formed as 
^hown in^Rg. 3d by patterning. Next, a silicon 
oxide film 18 (see Rgs. 4a and 4b) is deposited in 
a thickness of 1 micron over the entire surface, and 
connection holes 41a, 12a-and-43a with power 
source branch wires 11 and 12 and signal wire 11. 
as well as connection hole 6a to the gate electrode 
are formed (see Rg. 3e). Next, power source main 
wires 14 and 15 and signal wire 16 are formed (see 
Rg. 3f) by patterning after sputtering a first 1 
micron thick layer of Al over the entire surface. 

Rg. 4a shows the cross-section along the line 
A-A of Rg. 3f, and Rg. 4b shows the cross-section 
along the line B-B of Rg. 3f. Rg. 5 shows the 
equivalent circuit of the CMOS inverter shown in 
Rg. 3f. Reference numerals 11, 12 and 13 are 
power source branch wires 11 and 12 and signal 
wire 13 respectively, shown by thick lines in Rg. 5. 

The signal wj reJs the wiring that transmits the 
signals between the elements (for example, the 
drai n of one^ lQ ^?nt and the- gate electrode of 
another^elejnent). There are a large number of 
these wires having connections with the miniatur- 
ized transistors, and they must be of the same size 
as the transistors. Although bidirectional current 
flows in the CMOS signal wire, according to experi- 
mental results (see Rg. 9), the resistance to elec- 
tromigration of the wiring in which bidirectional 
current flows is, in terms of lifetime, about two 
orders of magnitude longer than that of wiring in 
which one directional current flows, i.e., in terms of 
allowed current about one order of magnitude 
greater. That is, wiring in which bidirectional cur- 
rent flows can be made one order of magnitude 
narrower than wiring in which an equivalent d.c. 
current flows and experience a similar lifetime. The 
experimental data in Rg. 9 shows results for the 
case in which the ambient temperature is 250 C, 
the current density J is 2.0 x 10 s A/cm 2 , and the 
frequency f of the ax. is 1 KHz. 

As described above, with this embodiment a 
high degree of circuit integration and high speed 



circuit operation can be obtained by using Al, 
which has low resistance and can easily be worked 
for small sized wiring such as wire 16 in which 
bidirectional current flows. Also, miniaturization can 

5 be achieved and high reliability obtained by using 
tungsten, which is not susceptible to electromig- 
ration. for the power source branch wires 11. 12 
and signal wire 13. in which one directional current 
flows. Power source branch wires 11, 12 and signal 

io wire 13 can be made short so the voltage drop 
due to the resistance of the tungsten (about one 
order of magnitude higher than that of Al) can be 
practically neglected, and does not interfere with 
obtaining increased speed of operation. 

75 There is a considerable problem regarding 
electromigration in the power source main wire 
since a large one directional current flows in this 
wire due to the high degree of circuit integration of 
present day LSI. However, since the power source 

20 main wiring need not directly connect to the ele- 
ments, this wire can be made a separate layer from 
the other wiring since there is no need for miniatur- 
ization of this wire. In this embodiment Al is used, 
but there is no particular restriction on the kind of 

25 material which can be used. 

A second embodiment of a semiconductor de- 
vice according to this invention will now be de- 
scribed with reference to Rg. 6 through Rg. 8. 
Respective element regions 4 and 5 are 

30 formed (Rg. 6a) in N well region 2 and P well 
region 3 formed on single-crystal silicon substrate 
1. This can be achieved by the normally employed 
selective oxidation method using a silicon nitride 
film, a thick film of silicon oxide being formed in 

35 regions other than the element regions 4 and 5. 
Next on element regions 4 and 5. a gate oxide film 
of for example 15 nm thickness is formed, and 
impurities are introduced to obtain the required 
threshold voltages. A polycrystalline silicon film is 

40 then deposited over the entire surface, and this 
polycrystalline silicon layer is rendered conductive 
by doping with phosphorus. As shown in Rg. 6b, 
gate electrodes 6 are then formed by patterning 
the polycrystalline silicon film. Next, by doping with 

45 boron the parts of the element region on N well 2 
that are not formed with gate electrode 6, and 
doping with arsenic the parts of the element region 
on P well 3 that are not formed with gate eiectorde 
6, source 7 and drain 8 of the P channel transistors 

so and source 9 and drain 10 of the N channel transis- 
tors are formed (see Rg. 6b). 

Then a silicon oxide film 17 (see Rg. 7a and 
7b) is deposited in a thickness of 1 micron over the 
entire surface, and connection holes 8a and 10a 

55 with the drains 8 and 10 are formed (see Rg. 6c). 
Next a material of high resistance to electromig- 
ration, such as for example, tungsten, is deposited 
in a thickness of 1 micron over the entire surface, 
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and signal wires 13 are formed by patterning as 
shown in Rg. 6d. Next, a silicon oxide film 18 (see 
Fig. 7a and 7b) is deposited in a thickness of 1 
micron over the entire surface, and is formed with 
connection holes 13a and 6a with the gate elec- 
trodes (see Rg. 6e). Then, Al is sputtered to a 
thickness of 1 micron over the entire surface, and 
signal wires 16 are formed by patterning (see Rg. 
6f). 

Next, a silicon oxide film (not shown) is depos- 
ited in a thickness of about 1 micron over the entire 
surface, and is formed with connection holes 7a 
and 9a with sources 7 and 9. Then perpendicular 
wiring 21 and 22 is formed of tungsten by deposit- 
ing tungsten so that only the openings are filled 
with tungsten (see Rg. 6g and Rg. 7a and 7b). 
Next power source wires 24 and 25 are formed by 
patterning (see Rg. 6h) after depositing an Al film 
of 1 micron thickness over the entire surface. 

Rg. 7a shows a cross-section along with the 
line A-A, and Rg. 7b shows a cross-section along 
the line B-B of Rg. 6h. Rg. 8 shows an equivalent 
circuit of the semiconductor device shown in Rg. 
6h. Reference numerals 21, 22 and 13 are respec- 
tively power source branch wires 21 , 22 and signal 
wire 13, shown by thick lines. 

As described above, tungsten, which is of high 
resistance to electromigration. is used for power 
source branch wires 21 and 22, and for signal wire 
13, in which one directional current flows, while Al, 
which can easily be worked for small sized wiring, 
and is of low resistance, is used for signal wire 16. 
in which bidirectional current flows. In this way, the 
semiconductor device of this embodiment can pro- 
vide the same benefits as that of the first embodi- 
ment. 

It should be noted that, while in the first and 
second embodiments tungsten was used as the 
material of high resistance to electromigration, the 
same benefits could be obtained by the use of 
other refractory metals, refractory metal silicides or 
copper. 

Also, although Al was used for power source 
main wires 14, 15, 24. and 25, other conductive 
materials could be used. 

In the case of the embodiments of Rg. 3 and 
Rg. 4, a CMOS inverter was shown as an example. 
However, similar fabrication steps could also be 
applied to other circuits such other logic circuit 
elements like NAND or NOR gates. 

An embodiment of a semiconductor device in- 
cluding a multilayer wiring according to another 
embodiment is described with reference to Rg. 10. 

When a LSI is implemented using multi-layer 
wiring, the insulating film below each wiring layer 
needs to be flat, and therefore, in general thin film 
thickness and miniaturization is especially impor- 
tant in the lower wiring layers. Consequently, as 



shown in Rg. 10. the wiring of the first layer is thin 
so that signal delays due to the resistance of the 
wiring do not cause any problem, and wiring of the 
minimum workable dimensions is used; thus it con- 

5 sists of a wiring layer 83 used for signal wire only. 
The resistance of aluminium wiring is much lower 
than the ON resistance of a transistor, so even if it 
is made very thin, its resistance rarely presents a 
problem. For the power source main wire, the 

io second wiring layer 84 and subsequent layers are 
used. This wiring layer 84 is made sufficiently thick 
so that it can adequately withstand electromigration 
under one directional current Of course, signal 
wires can also be wired into this wiring layer 84. 

75 As described above, with this embodiment by 
separating the signal wires and power source main 
wires in the layout a smaller film thickness can be 
employed for the wiring layer used for the signal 
wire than for that used for the power source main 

20 wire. This makes it possible to produce a high 
speed LSI, since the capacitance of the signal 
wires can thereby be reduced. Also, by using thin 
signal wire in the first wiring layer fine working is 
facilitated, and flatness of the film between the 

25 layer also becomes easier to achieve. This results 
in an improvement in the degree of integration and 
yield of the LSIs. 

In general, the life of wiring determined by 
electromigration (MTF) is expressed by: 

30 MTF = J" 2 exp (-Ea/kT) 

where J is the current density. Ea is the activation 
energy, k is the Boltzmann constant, and T is the 
absolute temperature. From the experimental re- 
sults described above and shown in Rg. 9, it can 

35 be seen that the electromigration lifetime of wiring 
in which ax. current flows is at least one hundred 
times longer than the lifetime of wiring subjected to 
d.c. current From the above equation, this means 
that in a wiring construction that is optimized in 

40 terms of ac. pulse life (i.e. an optimally thin film is 
used), the current density of d.c. current would 
have to be less than 1/10 the current density of ac. 
current for the same lifetime to be obtained. 

Consequently, the same effect as in the above 

46 embodiment can be obtained by setting a d.c. 
current component in the ac. current to less than 
about 1/10 of an a.c. component in the ac. current. 

In cases where a material other than aluminium 
(or alloys thereof) is used as the metal employed in 

so the multilayer wiring, different materials can be 
employed in the signal wire and power source wire. 
An example of such a case is shown Rg. 11. In 
Rg. 11, aluminium is used for signal wire 93, in 
which bidirectional current flows, and tungsten is 

55 used for power source main wire 94. For signal 
wire 93. a material is desirable that has electrical 
resistance that is as low as possible, even though it 
has low resistance to electromigration. This en- 
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abies a high speed LSI to be implemented by 
reducing the wiring capacitance. In contrast, ma- 
terial of high resistance to electromigation is desir- 
ably used for power source main wire 94. This is 
because a large current can be made to flow to the 
elements in a restricted region, and a high speed, 
high reliability LSI is thereby produced. Desirably, 
as the material of the signal wire, aluminium or 
copper is used and. as the material of the power 
source wire, metals such as tungsten, commonly 
called refractory metals, are used. In this way. the 
same benefit as in the above described embodi- 
ment can be obtained. 

Also, in the case where the signal wire and 
power source main wire are made of different ma- 
terials, and a material of higher resistance to elec- 
tromigration is used for the power source main wire 
than is used for the signal wire, the density of 
circuit integration can be increased, since the pow- 
er source main wire can also be miniaturized. 

An embodiment of a semiconductor device in- 
cluding a multilayer wiring according to another 
embodiment is described with reference to Fig. 12. 

A wiring layer including of a power source 
branch wire 122 is formed on a plurality of element 
regions formed in a P well region 121a and an N 
well region 121b formed on a semiconductor sub- 
strate 120. After this, wiring layers 123, 124 and 
125 including of signal wires 123a, 124a and 125a 
is respectively formed on the power source branch 
wire 122, in that order, and the wiring layer 126 
including of power source main wires 126a and 
126b are formed on the wiring layer 125. An in- 
sulating layer 126c insulates the power source 
main wire 126a which a high voltage Vpo is applied 
from the power source main wire 126b to which a 
ground voltage Vss is applied. These power source 
main wires 126a and 126b cover the entire surface 
of wiring layer 125 except through hole regions, 
bonding pad regions and a region for monitoring 
signals into semiconductor device, etc. and for 
which is not necessary to be covered by the power 
source main wire. The power source main wires 
126a and 126b are electrically connected with the 
power source branch wire 122 by power source 
branch wire 127a and 127b. which is formed of 
tungsten, for example. Also, a signal wire 123a is 
electrically connected with a signal wire 124a by a 
signal wire 128 constituted of tungsten, for exam- 
pie, buried in the through hole, and with the power 
source branch wire 122 by a signal wire 129 con- 
stituted of tungsten, for example, buried in the 
through hole. Further, the power source branch 
wire 122 is constituted of a refractory metal or 
silicide of noble metals. 

In general, because of a high degrees of circuit 
integration, i.e. miniaturization of the elements, a 
power source voltage tends to be low to reduce 



reliability problems of the elements. This makes 
the logical amplitude of signals transmitted in the 
signal wire low. Also, because of a high perfor- 
mance of the elements, the high frequency signals 

5 are used as signals transmitted the signal wires. 
The low logical amplitude and the high frequency 
signals decrease the margin for noise from outside. 

In the above described embodiment however, 
the wiring layer 126 including the power source 

70 main wire is separated by and formed on the wiring 
layer 123, 124 and 125 including the signal wire, 
and the signal wires 123a, 124a and 125a are 
covered by the power source main wires 126a and 
126b. Since the outer noise which affect the signal 

75 transmitted in the signal wires 123a, 124a and 125a 
is completty shilded by the power source main 
wires 126a and 126b, and the signal wire is cov- 
ered by the power source main wire, it is possible 
to prevent the noise margin from decreasing, to 

20 flow the high frequency signal used in the high 
performance element through the signal wire, and 
the semiconductor device of this embodiment can 
obtain high performance and high reliability. 

Also, because the power source main wires 

25 126a and 126b can be formed on the entire surface 
of the wiring layer except for the predetermined 
regions, the power source main wires 126a and 
126b can be thickened, and the semiconductor 
device of this embodiment can realize that the 

30 resistance to electromigration of the power source 
main wire is higher than the resistance to elec- 
tromigration of the conventional semiconductor de- 
vice. 

Furthermore, in case of a power source being 
35 connected with the elements, the power source 
main wire may be connected with the elements by 
power source branch wires 127a and 127b includ- 
ing of tungsten, for example, buried in the through 
hole as shown in Fig. 12. Thereby, it is possible to 
40 save labor for the layout and design of the semi- 
conductor device as compared with the conven- 
tional semiconductor device. 

As described above, with this invention, a 
semiconductor device of a higher degree of circuit 
45 integration, improved speed and high reliability 
can be obtained. 



Claims 

50 

1. A semiconductor device having multilayer 
wiring for providing power and control signals to 
elements of said device comprising: 
a first wiring element (14, 15) for supplying power 
55 to a plurality of elements of the semiconductor 
device; characterized by 

a second wiring element (11, 12, 13) made of a 
first material for carrying direct current or pulsed 
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direct current to at least one element of said semi- 
conductor device; and 

a third wiring element (16) made of a second 
material for carrying bidirectional signals to at least 
one element of said semiconductor device, wherein 
the resistance to etectromigration of the first ma- 
terial is higher than the resistance to electromig- 
ration of the second material. 

2. A semiconductor device according to claim 
1, wherein the resistivity of the second material is 
lower than the resistivity of the first material. 

3. A semiconductor device according to claim 
1 or 2, wherein the main constituent of the second 
material includes aluminium. 

4. A semiconductor device according to claim 
1, 2 or 3. wherein the main constituent of the first 
material has a higher melting point than the second 
metal. 

5. A semiconductor device according to claim 
1, 2 or 3, wherein the main constituent of the first 
material includes a refractory metal silicide. 

6. A semiconductor device including multilayer 
wiring for providing power and control signals to 
elements of said device comprising: 

main power source wiring (84, 94) for supplying 
power to a plurality of elements of said semicon- 
ductor device; characterized by 
signal wiring (83, 93) for transmitting bidirectional 
signals to at least one element, wherein at least 
one wiring layer of the multi layer wiring is com- 
prised only of said signal wiring (83, 93). 

7. A semiconductor device according to claim 

6, wherein the multilayer wiring is divided into a 
first wiring layer comprising only signal wiring (83, 
93) and a second wiring layer comprising only 
main power source wiring (84, 94). 

8. A semiconductor device according to claim 

7, wherein the resistance to electromigration of a 
first material constituting the main power source 
wiring (84, 94) is higher than the resistance to 
electromigration of a second material constituting 
the signal wiring (83, 93). 

9. A semiconductor device according to claim 
6. wherein the thickness of the wiring layer com- 
prising only the signal wiring (83, 93) is thinner 
than the wiring layer comprising the main power 
source wiring (84, 94). 

10. A semiconductor device according to claim 
6, wherein the resistivity of the wiring layer com- 
prising only the signal wiring (83, 93) is lower than 
the wiring layer comprising the main power source 
wiring (84, 94). 

11. A semiconductor device including multi- 
layer wiring for providing power and control signals 
to elements of said device, characterized by 

main power source wiring (123a, 124a, 125a) for 
supplying power to a plurality of elements of said 
semiconductor device; and 



signal wiring for transmitting signals between the 
elements, wherein at least one wiring layer of the 
multilayer wiring is comprised only of the main 
power source wiring (126a, 126b), and another wir- 
s ing layer comprising the signal wiring (123a, 124a, 
125a) is located under the at least one wiring layer. 

12. A semiconductor device according to claim 
11. wherein the wiring layer comprising the main 
power source wiring (126a, 126b) covers the sur- 

w face of the multilayer wiring. 

13. A method of fabricating a semiconductor 
device having multilayer wiring for providing power 
and control signals to elements of said device, 
characterized by the steps of: 

75 forming a first wiring element (14. 15) for supplying 
power to a plurality of the elements of the semicon- 
ductor device; 

forming a second wiring element (11, 12, 13) for 
carrying direct current or pulsed direct current to at 
20 least one element of said semiconductor device; 
and 

forming a third wiring element (16) of a different 
material than the material constituting the second 
wiring element (11, 12, 13) wherein the resistance 
25 to electromigration of the material of said second 
wiring element (11, 12, 13) is higher than the 
resistance to electromigration of the material of 
said third wiring element (16). 

14. A method of fabricating a semiconductor 
30 device having multilayer wiring for providing power 

and control signals to elements of said device, 
characterized by the steps of: 
forming a thin wiring layer (84, 94) for bidirectional 
signal wiring only; 
35 forming an insulating layer (82, 92) on said first 
wiring layer (84, 94); and 

forming another wiring layer (83. 93) thicker than 
and above said first wiring layer (84, 94) for carry- 
ing direct current power signals. 
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